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Field  Investigations  of  an  Outbreak  of  Ebola  Hemorrhagic  Fever,  Kikwit, 
Democratic  Republic  of  the  Congo,  1995:  Arthropod  Studies 
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Entomology,  Walter  Reed  Army  Institute  of  Research,  and  Armed  Forces 
Post  Management  Board,  Walter  Reed  Army  Medical  Center, 

Washington  DC 

Dunns  the  final  weeks  of  a  6- month  epidemic  of  Ebola  hemorrhagic  fever  in  Kikwit.  Democratic 
Republic  of  the  Congo,  an  extensive  collection  of  arthropods  was  made  in  an  attempt  to  learn  more 
of  the  natural  history  of  the  disease.  A  reconstruction  of  the  activities  of  the  likely  primary  case,  a 
42-year-old  man  who  Uved  In  the  city,  indicated  chat  he  probably  acquired  his  Infection  in  a  partly 
forested  area  15  km  from  his  home.  Collections  were  made  throughout  this  area,  ulong  the  route 
he  followed  from  the  city,  and  at  various  sites  in  the  city  Itself.  No  Ebola  virus  was  isolated,  bur  a 
description  of  the  collections  and  the  ccotopcs  involved  is  given  for  comparison  with  future  studies 
of  other  outbreaks. 
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Tn  the  first  6  months  of  1995,  a  major  outbreak  of  Ebola 
(EBO)  hemorrhagic  fever  (EHF)  occurred  in  Kikwit,  Demo¬ 
cratic  Republic  of  the  Congo  (DRC).  Of  317  cases  reported, 
244  (77%)  were  fetal  [1]. 

By  coincidence,  a  popular  account  of  previous  outbreaks  of 
hemorrhagic  disease  [2]  and  a  movie  of  a  fictional  outbreak  in 
the  United  States  ( Outbreak,  Warner  Brothers,  released  March 
15,  1995)  had  recently  achieved  worldwide  success.  This  syn¬ 
chrony  of  popular  fiction  with  actual  events  energized  the  news 
media  to  capitalize  on  the  Kikwit  story,  focusing  on  the  fright¬ 
ening  pathology,  contagious  nature,  high  mortality,  and  enig¬ 
matic  origins  of  the  disease,  ail  in  the  scenario  of  a  remote 
city  in  the  African  rain  forest.  The  attention  generated  by  this 
unprecedented  level  of  publicity  lent  a  special  urgency  to  scien¬ 
tific  investigation.  An  international  team,  coordinated  by,  the 
World  Health  Organization,  arrived  in  early  May.  One  month 
later,  when  sufficient  epidemiologic  information  was  available, 
a  second  group  of  specialists  was  dispatched  to  search  for  the 
origins  of  the  virus  and  the  factors  that  bad  led  to  its  emergence. 
By  this  time,  the  epidemic  was  in  its  final  stages.  (The  last 
identified  case  died  on  July  16.) 

Despite  investigations  of  three  previous  outbreaks,  virtually 
nothing  was  known  of  the  natural  history  of  PRO.  The  geo¬ 
graphic,  temporal,  and  ecoLogic  setting  of  transmission  was 
unclear.  The  only  suggestion  of  a  reservoir  was  that  bats  had 
been  present  in  a  cotton  factory  that  was  the  workplace  of  the 
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first  identifiable  cases  during  three  outbreaks  in  southern  Sudan 
[3-5],  and  they  had  also  been  present  in  a  Kenyan  cave  where 
two  infections  of  Marburg  hemorrhagic  fever  (MHF),  a  closely 
related  filovirua,  were  assumed  to  have  been  acquired  [6].  There 
was  no  evidence  for  or  against  transmission  by  arthropods, 
although  a  care  in  Rhodesia  (now  Zimbabwe)  coincided  with 
a  lesion  "compatible  with  a  horsefly  or  spider  bite”  [7],  and 
a  single  study  had  suggested  that  Marburg  virus  could  replicate 
in  Aedes  (Stegomyia)  aegypti  mosquitoes  after  intrathoracic 
inoculation  [8].  However,  since  many  of  the  diseases  that  the 
public  associate  with  the  tropics  are  vector  bome,  there  was 
strong  pressure  to  include  arthropods  in  the  work  of  the  interna¬ 
tional  teams. 

Herein,  we  report  on  that  work,  and  discuss  its  merits  in 
light  of  the  failure  to  detect  virus  in  the  large  quantity  of 
material  that  was  collected.  The  search  for  a  vertebrate  host  is 
presented  separately  [9]. 


Background  to  the  Investigation 

The  outbreak  became  known  to  the  outside  world  in  April 
1995  but  had  probably  begun  in  early  January  of  that  year.  All 
cases  appeared  to  have  originated  from  1  person  [  1],  a  42 -year- 
old  man  who  had  presumably  made  contact  with  the  natural 
reservoir  in  the  last  week  of  1994,  For  this  reason,  much  of 
the  search  for  that  reservoir  centered  on  the  daily  routine  and 
environment  of  this  putative  primary  case  (identified  as  Cl). 

Kikwit  and  its  surroundings.  Kikwit  (5°2'  S,  18"48'  E; 
population  -200,000)  lies  —400  km  west  by  southwest  of  the 
national  capital,  Kinshasa,  and  is  the  largest  city  in  the  Ban- 
dundu  region.  It  is  a  terminal  port  on  the  river  Kwilu,  a  tributary 
of  the  Kasai,  which  flows  into  the  river  Congo.  Most  of  the 
inhabitants  are  Bantu.  The  dominant  ethnic  groups  are  Kwango 


Report  Documentation  Page 

Form  Approved 

OMB  No.  0704-0188 

Public  reporting  burden  for  the  collection  of  information  is  estimated  to  average  1  hour  per  response,  including  the  time  for  reviewing  instructions,  searching  existing  data  sources,  gathering  and 
maintaining  the  data  needed,  and  completing  and  reviewing  the  collection  of  information.  Send  comments  regarding  this  burden  estimate  or  any  other  aspect  of  this  collection  of  information, 
including  suggestions  for  reducing  this  burden,  to  Washington  Headquarters  Services,  Directorate  for  Information  Operations  and  Reports,  1215  Jefferson  Davis  Highway,  Suite  1204,  Arlington 

VA  22202-4302.  Respondents  should  be  aware  that  notwithstanding  any  other  provision  of  law,  no  person  shall  be  subject  to  a  penalty  for  failing  to  comply  with  a  collection  of  information  if  it 
does  not  display  a  currently  valid  OMB  control  number. 

1.  REPORT  DATE 

j^ggg  2.  REPORT  TYPE 

3.  DATES  COVERED 

00-00-1999  to  00-00-1999 

4.  TITLE  AND  SUBTITLE 

Field  Investigations  of  an  Outbreak  of  Ebola  Hemorrhagic  Fever,  Kikwit, 
Democratic  Republic  of  the  Congo,  1995:  Arthropod  Studies 

5a.  CONTRACT  NUMBER 

5b.  GRANT  NUMBER 

5c.  PROGRAM  ELEMENT  NUMBER 

6.  AUTHOR(S) 

5d.  PROTECT  NUMBER 

5e.  TASK  NUMBER 

5f.  WORK  UNIT  NUMBER 

7.  PERFORMING  ORGANIZATION  NAME(S)  AND  ADDRESS(ES) 

Walter  Reed  Army  Institute  of  Research, Department  of 

Entomology ,  W  ashingt  on, D  C, 20307 

8.  PERFORMING  ORGANIZATION 

REPORT  NUMBER 

9.  SPONSORING/MONITORING  AGENCY  NAME(S)  AND  ADDRESS(ES) 

10.  SPONSOR/MONITOR'S  ACRONYM(S) 

11.  SPONSOR/MONITOR'S  REPORT 
NUMBER(S) 

12.  DISTRIBUTION/AVAILABILITY  STATEMENT 

Approved  for  public  release;  distribution  unlimited 

13.  SUPPLEMENTARY  NOTES 

14.  ABSTRACT 

15.  SUBIECT  TERMS 

16.  SECURITY  CLASSIFICATION  OF:  17.  LIMITATION  OF 

_ _ _  ABSTRACT 

18.  NUMBER  19a.  NAME  OF 

OF  PAGES  RESPONSIBLE  PERSON 

a.  REPORT  b.  ABSTRACT  c.  THIS  PAGE  Same  OS 

unclassified  unclassified  unclassified  Report  (SAR) 

7 

Standard  Form  298  (Rev.  8-98) 

Prescribed  by  ANSI  Std  Z39-18 


SEN i  dT^NAsn  ia.  ;suau/-Duui 


’  O  ♦  1  <L  •  OO  • 


Ul  LT1  L  L  uo  TTIVniTiW-* 


«JO  UUiEUyuiUU  *  rr 


IID  1999;  179  (Suppl  1)  Ebcit  Outbreak  in  DRC:  Arthropod  Studies  S149 


and  Kasai.  Several  African  languages  arc  spoken  in  the  area, 
but  French  is  the  lingua  franca. 

European  settlement  began  in  1901,  and  the  region  became  a 
flourishing  center  of  trade  and  agricultural  production.  Extensive 
rubber  plantations  later  give  way  to  cultivation  of  oil  palm, 
groundnuts,  cassava,  and  maize.  Today,  however,  Kikwit  is  an 
impoverished,  declining  city  in  a  country  that  has  become  among 
the  poorest  in  the  world.  The  road  tn  the  capital,  once  a  journey 
of  about  4  h,  is  now  almost  Impassable  during  rainy  weather. 
Roads  and  footpaths  in  the  city  arc  also  severely  eroded.  Public 
utilities  are  virtually  nonfunctional,  and  most  homes  are  without 
domestic  water  or  sewage  systems.  At  night  there  is  virtually  no 
street  lighting.  Education  and  health  facilities  are  severely  limited, 
and  there  is  no  local  radio  or  newspaper. 

Most  homes  are  built  of  mud  and  wattle,  with  thatched  or 
corrugated  iron  roofs.  Indeed,  much  of  the  city  has  more  the 
appearance  of  a  conglomeration,  of  traditional  villages  than  a 
modem  urban  area;  there  are  many  small  subsistence  plots 
where  cassava,  maize,  and  other  staples  arc  grown,  and  most 
families  keep  sheep,  goats,  chickens,  and  other  domestic  ani¬ 
mals.  Many  species  of  wild  birds  are  common,  as  are  rats  and 
other  small  mammals. 

Local  agricultural  produce  is  still  shipped  to  Kinshasa,  and 
there  is  paid  work  on  the  oil  palm  plantations,  but  most  of  the 
inhabitants  survive  by  subsistence  farming  and  petty  trade. 
Indeed,  a  striking  feature  of  the  city  is  the  number  of  people 
who  commute  to  the  surrounding  countryside;  At  daybreak, 
thousands  can  be  seen  leaving  the  city,  mainly  on  fool,  and  they 
return  at  nightfall  laden  with  agricultural  produce,  firewood, 
charcoal,  and  other  items.  Among  these  returning  crowds  are 
cattle  and  other  domestic  livestock,  many  from  far  afield,  that 
are  driven  to  the  city  markets  for  slaughter.  Other  meats,  such 
as  monkey,  pangolin,  guinea  pig,  and  rat,  plus  a  variety  of 
dried  insects  and  other  creatures  are  also  sold  for  food. 

Geobotsmically,  the  region  is  part  of  foe  Guineo-Congolcsc 
and  Zambesian  transitional  region,  a  low  plateau  with  dense 
gallery  forest  along  the  numerous  river  courses  and  derived 
savanna  on  the  uplands.  The  growth  of  the  human  population 
over  the  past  30  years  has  practically  eliminated  the  primal 
forest  around  the  rity,  as  an  ever-increasing  radius  of  iand  has 
been  cleared  for  timber  harvest,  fuel  wood,  and  the  cultivation 
of  food  staples. 

The  climate  is  moist  equatorial.  Mcun  daily  temperatures  are 
almost  constant  throughout  the  year  (monfoly  mean,  24.2°C; 
range  of  monthly  means,  23.6-24.5’C),  but  there  is  a  well- 
defined  rainy  season  from  October  to  April  [10].  Thus,  Cl 
became  infected  during  the  rainiest  period  of  foe  year,  whereas 
our  investigations  were  done  at  the  height  of  the  dry  season, 
when  rainfall  was  rare,  but  a  heavy  mist  and  dew  often  formed 
at  sundown. 

Daily  routine  of  the  primary  case.  The  following  descrip¬ 
tion  is  given  in  detail  to  emphasize  the  variety  of  ccotopes  that 
Cl  encountered  during  his  normal  day,  any  of  which  could 
presumably  have  harbored  the  putative  EBO  reservoir. 


Cl  lived  in  the  city  with  his  extended  family  of  20-30 
people.  The  family  compound  was  relatively  large  and  well 
maintained.  Surviving  members  told  us  that  his  daily  routine 
involved  a  12-h  round  trip  of  >30  km  in  the  country.  His  two 
principal  occupations  were  cultivation  (mnizc  and  cassava)  and 
charcoal  production.  He  also  trapped  rodents  and  other  small 
animals  for  food. 

Cl  left  home  at  6:30  a.m.,  shortly  after  sunrise,  and  cycled 
via  a  bridge  across  the  Kwilu  River  to  a  paved  road  that  runs 
eastward  along  the  northern  flanks  of  the  river  valley.  After  9 
km.  he  turned  onto  a  dirt  logging  track.  Nearby,  on  the  banks 
of  a  tributary  river,  was  a  small  family  compound,  where  he 
broke  the  first  stage  of  his  journey  to  drink  and  bathe.  He  then 
followed  the  track  for  4  km,  passing  through  cultivated  plots 
(mainly  cassava  and  maize),  fallow  land  with  trees  (mostly 
secondary  growth),  and  small  patches  of  primary  forest.  A 
single  family  compound  about  midway  along  this  soction  was 
foe  only  other  permanent  human  habitation  in  the  area. 

He  habitually  left  his  bicycle  at  the  rotted  hollow  stump  of 
a  large  tree.  From  there,  he  walked  for  ~  ISO  m  through  maize 
and  cassava  plots  into  a  woodland  area  known  as  Mbwambala, 
where  he  spent  the  rest  of  the  day.  Two  kilometers  of  foot 
track  connected  his  activities  in  this  area  (figure  1).  The  track 
led  south,  first  through  more  patches  of  cultivation  on  level 
ground  and  then  down  a  slope  for  —150  m  to  a  point  where 
a  side  track  led  to  the  site  of  bis  charcoal  mound. 

The  mound  was  rectangular,  roughly  4  m  X  2  m,  and  set  in 
a  pit  dug  —1.5  m  into  the  soft  earth.  During  foe  firing  phase, 
it  probably  stood  —1.75  m  above  foe  ground.  The  extent  of 
the  surrounding  clearing  indicated  that  the  site  had  been  worked 
for  several  years.  At  foe  time  of  his  death.  Cl  had  completed 
a  production  cycle  and  had  removed  most  of  the  charcoal. 
Nothing  of  note  was  observed  in  foe  vicinity  except  for  a  small 
but  deep  (60  cm)  hole  dug  among  the  roots  of  an  adjacent  tree, 
perhaps  for  excavation  of  a  root  or  other  edible  item. 

The  land  around  the  charcoal  mound  was  mainly  secondary 
woodland.  Much  ol’ihe  undersiory  was  dominated  by  a  leafy,  1- 
to  2-m-high  brush  plant,  Chromolaena  (Eupatorium)  odnratum. 
which  was  dense  and  difficult  to  penetrate.  A  scattering  of 
smooth-baled  frees,  some  up  to  45  m  tail,  survived  from  foe 
original  forest,  but  many  of  these  were  dead  or  in  a  deteriorated 
condition.  The  only  patch  of  seemingly  undisturbed  primary 
forest  was  on  an  almost  vertical  face  —150  m  west  of  the 
charcoal  mound. 

Below  the  side  track,  foe  main  track  led  down  a  steep  slope 
to  more  level  ground,  where  Cl  had  cultivated  a  small  patch 
of  maize.  The  crop  had  been  harvested,  perhaps  shortly  before 
he  became  infected. 

C 1  had  a  second  cultivation  patch  —1.5  km  from  foe  first 
He  reached  this  through  cultivated  and  wooded  land,  clamber¬ 
ing  up  and  down  several  steep,  muddy  slopes.  Felled  trees 
served  to  bridge  a  small  river  that  was  almost  stagnant  at  foe 
time  of  our  investigation  but  probably  flowed  more  swiftly 
during  the  rainy  season.  On  the  west  side  of  this  river,  the 
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Figure  1.  Collection  sites  in 
Mbwumbala  woodland.  Principal 
area  of  activity  for  pcimuty  Ebol* 
hemorrhagic  fcvcr  case  in  weeks 
preceding  his  illness. 


track  led  down  a  precipitous  slope,  which  retained  much  of  its 
primary  forest.  On  the  cast  side,  it  passed  through  fellow  land 
bordered  with  dense,  tall,  grassy  vegetation.  Alter  fording  a 
small  stream,  it  ended  at  a  steep  south-facing  slope,  Cl's  sec¬ 
ond  cultivated  site.  At  the  foot  of  this  slope,  bordered  by  the 
stream,  was  a  level  patch  of  marshy  grass  and  plants.  In  a  drier 
part  of  this  patch  he  bad  erected  a  small  shelter,  where  he 
rested  on  the  ground  in  the  hotter  part  of  the  day.  Cl  had 
cultivated  maize  on  the  lower  levels  of  the  slope  and  cassava 
on  the  land  above.  Since  his  death,  the  patch  had  been  reclaimed 


by  secondary  vegetation,  dominated  by  C.  odoratum.  At  the 
lop  of  the  slope  was  a  patch  of  dense  woodland,  much  of  which 
was  primary  vegetation. 

During  the  week  that  he  became  infected,  Cl,  assisted  by 
his  wife  and  at  least  2  daughters,  had  been  harvesting  maize 
in  his  second  cultivated  patch.  The  work  involved  unsheathing 
the  cobs  and  stripping  the  grain.  Neither  this  nor  any  other  of 
his  activities  were  unique:  The  same  work  was  being  done 
at  the  same  time  by  many  other  families  in  the  surrounding 
woodland.  Thus,  during  our  investigations.  Cl’s  track  was  al- 
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most  deserted,  apparently  for  fear  of  EHF,  but  plenty  of  people 
were  present  in  the  surrounding  area.  Two  men  were  felling 
trees  and  operating  a  charcoal  mound  in  the  woodland  above 
his  second  cultivated  site,  and  a  steep  slope  on  the  opposite 
side  of  the  stream  was  planted  with  maize  and  cassava.  Snares 
for  trapping  small  rodents  and  other  food  items  were  quite 
common,  and  survivors  of  Cl 's  family  confirmed  that  he  had 
operated  such  devices  himself.  Indeed,  local  rumor  maintained 
that  he  had  acquired  BHF  by  stealing  a  rat  from  the  trap  of  a 
neighbor. 

Arthropod  Collections 

Arthropods  were  collected  from  10  June  to  14  July  1995. 
The  focus  was  on  hematophagous  species,  but  samples  of  non- 
biting  arthropods  were  also  retained.  Without  any  hint  as  to 
which  orders  were  most  likely  to  yield  virus,  the  effort  was 
directed  at  collecting  as  many  specimens  from  as  many  differ¬ 
ent  groups  as  possible.  There  was  no  firm  evidence  that  Cl 
had  been  infected  in  the  woodland  area,  so  collections  also 
were  made  in  the  city  and  at  sires  along  his  route  from  the  city 
to  Mbwambaia.  City  collections  were  centered  around  homes 
where  5*4  residents  had  contracted  EHF  and  at  Kilcwit  General 
Hospital.  Last,  ectoparasites  were  collected  from  domesticated 
animals,  especially  cattle  driven  in  from  the  surrounding  coun¬ 
tryside  for  slaughter. 

Light  traps.  Battery-powered  light  traps  were  set  at  40  sites 
along  Cl's  track  and  along  3  adjacent  transects  chosen  to  repre¬ 
sent  all  the  apparent  biotopes  in  the  woodland  area.  Each  device 
was  supplemented  with  C02)  when  available,  from  a  bag  of 
dry  ice  (imported  by  plane  from  Sou*  Africa  or  Switzerland). 
On  other  nights,  about  half  of  the  traps  were  supplemented 
with  a  live  guinea  pig  in  a  perforated  plastic  container. 

Most  traps  were  suspended  —1.5  in  above  the  ground.  Near 
to  the  charcoal  mound,  two  were  hoisted  to  the  level  of  the 
lower  canopy,  6-8  m  above  the  ground.  These  were  operated 
without  rain  covers,  as  this  appeared  to  augment  the  catch  of 
phlebotomine  sandflies.  Traps  were  also  ran  in  an  area  of  pri¬ 
mary  forest  close  to  the  Kwilu  River  (12  traps),  along  the  river 
itself  (5  traps),  and  between  the  isolation  ward  and  the  morgue 
at  the  hospital  (2  traps). 

Gravid  traps.  CDC  gravid  traps  were  used  at  five  sites  in 
the  woodland  area.  They  were  first  used  with  a  leaf  infusion 
and  later  with  dry  icc  or  a  live  guinea  pig. 

Goat-baited  trap.  A  small  goat  was  tethered  under  a  mos¬ 
quito  bed  net  in  the  pit  of  the  charcoal  mound.  A  gap  of  -12 
cm  between  the  lower  edge  of  the  net  and  the  earth  allowed 
entry  of  insects,  which  were  collected  in  the  morning  by  bat¬ 
tery-powered  aspirator  [11J. 

Sticky  traps.  Sticky  tape  and  paper  coated  with  a  sticky 
material  was  placed  overnight  at  the  entrance  to  a  number  of 
holes  and  animal  burrows  along  Cl’s  route,  around  the  goat- 
baited  trap,  around  the  animal  and  COj-baited  gravid  traps, 
and  on  the  floor  of  the  morgue.  The  aim  was  to  collect  host¬ 


seeking  ticks  or  other  arthropods  attracted  to  these  sites,  but 
the  method  was  not  effective,  perhaps  because  of  the  heavy 
nocturnal  dew. 

Malaise  trap.  A  trap  was  operated  for  a  few  days  next  to 
C 1  ’s  bower,  but  no  hematophagous  arthropods  were  captured, 
and  the  collections,  mainly  small  Diptcra  and  Lepidoptcra  and 
Orthoptera,  were  badly  damaged  by  the  dew. 

Backpack  aspirators.  Mosquitoes  resting  indoors  were  col  - 
iected  by  3  teams,  2  men  per  team,  who  visited  about  400 
houses  in  Kikwit,  focusing  on  the  vicinity  of  homes  where  >4 
cases  of  EHF  had  been  reported.  Collections  were  also  made 
at  Kilcwit  General  Hospital,  in  the  EHF  convalescent  ward,  and 
in  the  morgue. 

Manual  collections.  A  wide  range  of  standard  methods  was 
used  to  collect  non-host-associated  neks,  including  COj  traps, 
flagging,  dragging,  anti  swabbing  of  burrows  and  tree  holes.  A 
single  specimen  (a  nymphal  Haemaphysalis  species)  was  the 
sole  product  of  these  collections.  Several  recently  felled  trees 
were  scoured,  and  two  were  deliberately  felled  for  collections. 
All  had  hollow  cavities  with  evidence  of  bat  habitation,  but  no 
ticks  were  found. 

Six  collectors,  operating  in  pairs,  removed  ectoparasites  (i.e., 
ticks,  fleas,  and  lice)  from  cattle  and  other  animals.  Most  of 
the  cattle  had  been  driven  on  the  hoof  into  the  city  from  a  50- 
km  radius  of  surrounding  countryside,  some  from  as  far  as  75 
km  away.  Collections  were  also  made  from  domestic  animals 
and  birds  living  in  and  around  Kikwit  A  few  ticks  were  found 
on  wild  animals,  such  as  tree  pangolins,  cane  rats,  and  palm 
civets. 

Bedbug  collections  were  made  from  bedding  in  76  homes, 
1 1  of  which  had  harbored  20  recent  fatal  cases  of  EHF. 

Collections  of  arthropods  landing  on  humans  were  pro¬ 
scribed  by  safety  regulations,  but  1 1  tsetse  were  captured  along 
the  tributary  to  the  Kwilu  River,  close  to  the  roud. 

Processing  of  specimens.  Specimens  were  brought  to  Kik¬ 
wit,  immobilized  by  short  exposure  to  low  temperature,  sorted 
by  major  taxonomic  group,  and  transferred  to  liquid  nitrogen. 
After  shipment  on  dry  icc  to  the  United  States,  they  were 
identified  to  species  on  a  chill  table,  pooled  (<25  per  pool), 
and  stored  at  -70’C.  Pools  were  triturated  in  2  ml.  of  diluent 
(10%  heat-inactivated  fetal  bovine  serum  in  medium  199  with 
Fade's  salts,  antibiotics,  and  NallCOj),  divided  into  multiple 
aliquots,  and  returned  to  storage.  Aliquots  from  10  such  pools 
were  combined  into  “super  pools”  and  tested  for  the  presence 
of  virus  under  biosafety  level  4  conditions  by  intracranial  inoc¬ 
ulation  into  newborn  ICR  mice  (Charles  River  Breeding  Labo¬ 
ratories,  ■Wilmington,  MA)  and  strain  13  guinea  pigs  and  by 
cell  culture  in  Vero  cells. 

Results 

Arthropods.  A  total  of  34,985  arthropod  specimens  were 
collected  (table  1),  of  which  27,843  were  selected  for  virus 
isolation,  identified  to  family  or  species  (table  2),  and  processed 
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Tibi*  1.  Arthropod  collections,  Kikwit  and  rural  surroundings,  June 
to  July  1995, 


Arthropod  No. 


Mosquitoes  13.878 

Bedbugs  9139 

Ticks  6166 

Sandflies  3d! 

Fleas  198 

Nonbiting  flies  149 

Lice  103 

T*c*se  flics  II 

Tout!  .Id, 785 


in  90  super  pools.  Of  the  15,118  mosquitoes  that  were  tested 
(54%  of  the  total),  4,651  (31%)  were  Cutex  quinqutfuscialu. s 
and  Anopheles  (Celia)  species  (probably  of  the  gambiae  com¬ 
plex),  all  of  which  were  captured  indoors  in  urban  Kikwit.  The 
bulk  of  die  remainder  were  captured  in  rural  sites,  mainly  by 
light  trap. 

The  human  bedbug  (Cimex  hemipterus)  was  the  next  largest 
group,  with  an  average  of  109  captured  per  home.  Nearly  all 
of  the  6166  ticks  were  collected  from  dogs  (51%)  or  domestic 
cuttle  (42%),  as  reflected  in  the  species  composition  of  the 
catch.  Most  of  the  lice  and  fleas  were  from  domestic  dogs, 
cats,  and  ducks. 

Viruses.  No  EBO  virus  was  isolated  from  any  of  the  9uper 
pools.  A  single  isolate  of  a  bunyavirus  (Bwamba  group)  was 
made  from  a  supeipool  of  Anopheles  (Celia)  species  captured 
by  backpack  aspirator  at  indoor  sites.  The  virus  was  subse¬ 
quently  reisolated  from  the  original  pool,  which  came  from 
inside  a  home  in  the  city.  No  other  isolates  were  made. 

Discussion 

A  hallmark  of  tho  filoviruscs  is  their  apparent  rarity  or  at 
least  the  rarity  of  their  transfer  to  humans.  Indeed,  in  Kikwit. 
as  in  all  previous  outbreaks,  the  impressive  number  of  people 
who  did  not  acquire  the  virus,  despite  being  involved  in  the 
same  activities  in  the  same  environment  as  the  unlucky  individ¬ 
ual  who  did,  is  as  striking  as  the  number  of  people  who  subse¬ 
quently  became  infected  alter  contact  with  the  primary  case.  In 
this  context,  the  chances  of  encountering  an  arthropod  vector,  if 
one  exists,  are  probably  dauntingly  small.  However,  zoonoses 
are  not  test-tube  relationships  between  1  or  2  species  but  com¬ 
plex  systems  that  operate  in  a  complex  environment.  In  Kikwit, 
we  were  able  to  focus  closely  on  the  activities  of  the  putative 
primary  case  and  the  environment  wlicre  he  presumably  ac¬ 
quired  his  infection.  Thus,  although  our  investigations  did  not 
yield  virus,  they  did  provide  information  that  may  be  useful  in 
investigations  of  future  outbreak  areas. 

Much  of  our  effort  centered  on  Ci ’s  forest  activities  because 
previous  human  infections  with  EBO  and  Marburg  viruses  may 


all  have  involved  contact  with  a  forest  reservoir,  in  the  Congo 
Basin  of  northern  DRC,  the  Yambuku  [12]  and  Tandala  [!3j 
outbreaks  of  EHF  were  in  the  zone  of  transition  from  tropical 
rain  forest  to  savanna. 

In  southern  Sudan,  a  1976  outbreak  of  EHF  in  Nzara  (popula¬ 
tion  —20,000)  began  in  workers  at  the  local  cotton  factory,  but 
the  primary  case  lived  10  km  from  that  factory  in  a  remote 
homestead  set  in  dense  woodlands  [3],  also  in  the  transition 


Table  2.  Number  of  arthropod  specimens  pooled  and  tested  for 
Ebol*  virus  from  total  collected  in  Kikwit,  Democratic  Republic  of 
the  Congo,  June  to  July  1995, 


A  rthrrtpftd 

No.  [yiplr.il  Ami  larfUwt 

Moequitocn 

Anopheles  (CelliaJ  species 

3157 

AnopMv at  langipulpis 

1 

Coqulllettldta  metaUuw 

173 

Coqultlcllidta  (CoquitleUidia)  species 

106 

Cutex  cinereui 

779 

Culrjt  (Culcx)  jpocictS 

7368 

Cultseta  fiaterl 

9 

Uumciaenia  bilineau 

1 

Acdes  aeg/pti 

83 

Aides  (Aedtmorphus)  species 

40 

Coquillem'dia  mieraannulata 

378 

Coqvillcuidia  (Coqulllettldta)  annettta 

422 

Culcr  quinqutfajekrtu* 

1494 

Cultx  ( CuticUmyia)  spades 

368 

Matuonia  afrlcana 

739 

Total  mosquitoes 

15,118 

T’hlebotoftiiiws 

Ser%cnT&m)Hu  (bfcophlfibtitomus)  species 

m 

Sergentumyia  schwetzi 

9 

Sergtnlomyia  species 

2 

Total 

124 

Bed  bug* 

Citna  hemipterus 

6538 

Fleas 

Ctenocepholides  ft  Us 

43 

Echulncphaga  galltnacea 

tot 

Total 

144 

Lice 

Liaegnathidae 

9 

Menoportdae 

69 

Philopteridsc 

10 

Triciodcctidflc 

15 

Total  lice 

103 

Ticks 

Rhipicephalus  tipfPtnJlL-uIatiu 

25 

Rhipicephalus  tongas 

IS 

Rhipicephalus  hngusJuppendicuta  tus 

3 

Rhlukcphalus  tangulneut 

2570 

Rhipicephalus  epecies 

27 

Haemaphysalis  paratcuchi 

730 

Amblyomna  iKirUgatum 

1775 

Boophilus  dtcolovatus 

655 

Total 

5816 

Total  arthropods 

27.843 

NOTH.  , t no  of  **sp®ci»sM  indicate*  that  exact  specie*  was  not  determined. 
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zone  of  the  northern  boundary  of  the  Congo  forest  [4].  A  second 
wave  of  cases  that  originated  in  the  same  factory  appeared 
unrelated  to  the  original  chain  of  transmission,  but  here  again, 
each  family  lived  in  a  remote  homestead  (3].  In  1979,  yet 
another  outbreak  was  traced  to  a  primary  case  at  the  same 
factory,  but  a  review  of  the  absentee  and  illness  records  failed 
to  incriminate  the  site  as  an  active  source  of  the  infection  [5]. 

Likewise,  2  human  cases  of  MHF  in  Kenya,  which  were 
separated  by  an  interval  of  7  years,  appeared  to  be  associated 
with  entering  a  cave  on  Mount  Elgon  [6,  14];  however,  access 
to  the  cave  was  by  a  fool  trail  through  primary  rain  forest 
encircled  by  land  that  had  been  partially  logged  and  cultivated, 
an  area  strongly  reminiscent  of  the  site  of  Cl’s  activities  near 
Kikwit.  It  is  entirely  possible  that  the  infcctiuns  were  acquired 
in  this  forest,  and  there  is  serologic  evidence  of  filovirus  infec¬ 
tion  among  people  living  in  a  partly  forested  area  at  the  base 
of  the  mountain,  including  a  well-documented  fatal  case  with 
no  travel  history  to  the  cave  [15]. 

A  feature  common  to  all  the  infection  ureas  is  the  presence 
of  disturbed  forest  and  the  "‘commuting  activities”  of  infected 
persons  between  that  forest  and  urban  centers.  It  may  be  that 
accessibility  reveals  the  presence  of  EBO  virus  by  enabling 
patients  to  seek  medical  attention,  but  it  is  also  conceivable 
that  tree-felling  brings  the  reservoir  to  ground  level  or  that  the 
ecologic  changes  associated  with  logging  promote  species  that 
arc  associated  with  the  virus,  augmenting  the  probability  of 
their  contact  with  humans.  Even  the  nomadic  forest  pygmies 
of  Southeast  Cameroon,  17%  of  whom  were  seropositive  for 
EBO  virus  infection,  were  influenced  by  an  "extensive  mad 
system  built  by  the  logging  companies,  so  that  the  forest  is 
becoming  more  visible  and  accessible,  and  bandas  (camps)  that 
used  to  be  30  km  deep  into  the  forest  now  may  be  only  3  km 
Ixoin  a  road”  (Webb  PA;  personal  communication,  from  report 
to  CDC,  1980).  This  description  is  strongly  reminiscent  of  the 
Kikwit  area,  and  it  would  be  interesting  to  compare  the  ecology 
of  all  the  outbreak  areas  that  have  been  studied.  Unfortunately, 
virtually  no  information  is  available,  perhaps  because  failure 
to  isolate  virua  persuaded  previous  investigators  that  publica¬ 
tion  was  not  worthwhile. 

In  arbovirus  studies,  the  proportion  of  infected  specimens 
captured  in  che  field  is  usually  measurable  in  fractions  of  a 
percent.  Therefore,  maximum  effort  is  made  to  obtain  large 
numbers  of  the  specific  vectors  involved  by  using  methods  best 
suited  to  collect  them.  In  Kikwit,  we  did  not  have  the  luxury 
of  knowing  which  order  of  arthropod  to  collect,  so  we  opted 
to  collect  the  maximum  number  of  species  and  specimens  from, 
as  many  sites  as  possible.  However,  some  ccotopes,  such  as 
the  upper  canopy  of  large  forest  trees,  were  beyond  our  reach. 
The  final  listing  (tabic  1 )  may  appear  impressive  in  numbers, 
but  —60%  of  the  total  catch  were  urban  species,  t  hese  were 
unlikely  to  have  made  contact  with  the  unknown  reservoir, 
although  they  clearly  had  the  highest  possibility  of  contact  with 
viremic  patients.  C.  quinquefasc  lotus  was  the  dominant  species 
(table  2),  followed  by  mosquitoes  of  the  Anopheles  gambiue 


complex.  EBO  virus  has  been  reported  to  replicate  after  inocu¬ 
lation  in  adult  A.  aegypti  [8],  a  species  that  was  also  present; 
however,  recent  studies  by  Tureli  et  al.  [16]  have  failed  to 
repeat  this  finding,  and  replication  was  not  observed  in  C. 
quinquefasciaius  or  Anopheles  stephensi. 

Collections  outside  the  city  were  less  likely  to  yield  virus. 
Many  mosquitoes  collected  by  light  trap  are  unfed  nullipara, 
so  they  have  not  had  contact  with  any  potential  host  species. 
Diy  icc  increases  the  proportion  that  has  gone  through  at  least 
one  gonot.rophic  cycle,  and  the  use  of  live  guinea  pigs  may 
have  had  the  same  effect.  However,  without  information  on 
the  preferred  hosts  of  the  captured  insects,  we  have  no  way  of 
knowing  whether  they  are  likely  to  be  primatophilic.  We  did 
not  make  human-bait  collections,  so  we  have  no  information 
on  primatophilic  woodland  AeJes  species,  which  aro  active 
during  the  day  and  not  attracted  to  light  traps.  Moreover,  the 
arthropod  fauna  in  the  middle  of  the  rainy  season,  when  Cl 
became  infected,  may  have  been  very  different  from  that  during 
the  driest  time  of  the  year,  when  we  made  our  collections.  Last, 
the  dense  overgrowth  of  secondary  vegetation  on  his  abandoned 
land  clearly  constituted  a  change  in  the  ocology  of  the  area. 

An  alternative  approach  to  our  study  would  have  been  to 
ignore  the  events  in  the  field  and  concentrate  on  transmission 
studies  in  the  laboratory.  Indeed,  after  our  return,  several  spe¬ 
cies  of  mosquitoes,  cockroaches,  ticks,  spiders,  and  other  ar¬ 
thropods  were  inoculated  with  EBO  virus  and  showed  no  evi¬ 
dence  of  replication  [16].  However,  this  work  was  done  with 
an  Asian  strain  of  the  virus  (subtype  Reston),  which  is  markedly 
different  from  the  African  viruses,  both  in  replication  rate  and 
pathology  [17],  Moreover,  such  studies  do  not  rule  out  the 
possibility  that  a  species  not  included  in  the  tests  may  be  re¬ 
ceptive  to  infection. 

A  third  approach  could  have  bean  to  restrict  field  studies 
to  the  vertebrate  population,  assuming  that  this  includes  the 
reservoir.  Once  the  reservoir  was  identified,  attention  could 
have  shifted  to  likely  modes  of  infection,  including  studies  of 
hematophagous  arthropods  associated  with  the  relevant  Species. 
However,  despite  a  major  effort,  the  vertebrate  collections  in 
Kilcwit  also  did  not  yield  any  EBO  virus  and  were  subject  to 
ihc  K-HiEis  problems  of  sarnpilug  logistics  [9]. 

Last,  seasonality  is  important  in  disease  transmission,  even  in 
the  humid  tropics.  Our  studies  should  have  begun  soon  after  Cl 
was  infected,  but  this  was  impossible  because  >4  months  had 
passed  before  we  even  learned  of  the  outbreak.  We  would  have 
preferred  to  delay  our  efforts  until  the  rainy  season,  but  the 
urgency  of  making  a  visible  response  to  the  widely  publicized 
human  tragedy  was  ait  important  factor  in  the  decision-making 
process.  Indeed,  heavy  media  coverage,  as  illustrated  by  the  pres¬ 
ence  of  numerous  international  television  crews  in  Kikwit,  has 
become  a  significant  element  in  such  field  investigations  and 
needs  to  be  addressed  if  it  is  not  to  distort  scientific  research. 
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